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(54) Optimized synchronization preamble structure for OFDM system 



(57) This proposal describes an optimized synchro- 
ni/^alion (SYNCH) symbol sequence to be used in trans- 
mission systems, which are currently under standardi- 
zation. The synchronization symbol is constructed using 
specially designed OFDM (orthogonal frequency divi- 
sion multiplexing) symbols with an optimized sequence, 
which is mapped onto the modulated subcarriers. The 
resulting synchronization symbol consists of several 
repetitions in the time domain. Using the proposed se- 
quence the resulting synchronization symbol achieves 



a high timing detection and frequency offset estimation 
accuracy. Furthermore the burst is optimized to achieve 
a very low envelope fluctuation (low Peak-to-Averaqe 
Power Ratio) and a very low dynamic range to reduce 
complexity on the receiver and to save time and fre- 
quency acquisition time in the receiver. The proposed 
sequence is furthermore optimized with respect to all 
other synchronization symbols that are used to con- 
struct the synchronization and training preambles for the 
BCCH-DLCHs. 
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Description 

[0001] The present invenlion relaies to a preamble structure for the synchronization ot a receiver of a OFDM trans- 
mission. The invenlion lurlhermore relates to an OFDM transmitter as well as to a method lor the synchronization of 

5 a receiver of an OFDM iransmission system. 

[0002] With reference to figure 2 now an autocorrelation technique on the receiving side of an OFDM system will be 
explained. The received signal is delayed by a delaying unit 2 by the correlation delay D.,^. The conjugate complex 
samples of the delayed version of the signals are generated 3 and multiplied 4 with the received samples The products 
are set into the moving average unit 5 with a window size W.,^. and are then postprocessed for a threshold detection 

!0 and/or maximum search (units 5, 7. 8) to find the correct timing. The complex correlation result at the peak possession 
generated by the unit 9 can be used to estimate the frequency offset. 

[0003] A synchronization preamble structure as shown in figure 1 is known. This known synchronization preamble 
structure can be subdivided in a A-FIELD. B-FIELD and a C-FIELD. The A-FIELD and the 3-FIELD are subdivided in 
further parts. Each of the A-FIELD and the B-FIELD and the C-FIELD is designed to have an optimized special syn- 
chronization function at the receiving side. The A-FIELD for example sen/es for a coarse frame detection and an 
automatic gam control lAGC) The 3-FiELD serves as a coarse frequency oflset and timing synchronization. The C- 
FIELD serves for a channel estimation and fine synchronization 

[0004] Details about the concrete structure and generation of the B-FIELD can be found in the European patent 
application 99 103 379.6 in the name of Sony International (Europe) GmbH, which is to be regarded as representing 
prior art according to article 54(3) EPC Regarding the details of the B-FIELD and generally the generation of the lime 
domain synchronization preamble signal as sliown in figure 1 lefeience is made to said piioi non-piepublished appli- 
Crition. 

[0005] The symbols of the C-FIELD which is generally of minor interest for the present invention, are defined in 
frequency domain as 

25 

C64.26 26 = 1"' 1,1.-1. 1.-1. 1.1. 1.1 1.1.-1.-TT1.-1.1,-1.1.1.T1.0. 



1.-1. -1.1,1,-1. 1.-1. 1.-1 --1.-1.-1,-1. 1.1. -1,-1. 1.-1,1,-1.1 1-1.11 

[0006] The symbols B16 of the B-FIELD are short OFDM symbols, of which the subcarriers +-4. +-8. +-12. +-16. +- 

20. +-24 are modulated, 

[0007] The content in the frequency domain is defined as: 



BiD.gg 2g = sqrt(2)*{0.0J + j.0,0,0,-1 +j,0,0,0,-1-j,0.0,0,1-j.0,0,0,-1-j,0,0,0.1- 

j.o.o.ao.o,o,o,i-j,o,o,o.-i-i,o.o.o,i-j,o, 0,0,-1-1,0.0.0,-1 +j,o.o,o,i+j,o,o} 



40 [0008] The last repetition of the B-FIELD in the time domain, called IB16, is a sign inverted copy of the preceding Bl6. 
[0009] The symbols A16 are short OFDM symbols, of which the subcarriers +-2, +-6, +-10, +-14, +-18, +-22, are 
modulated. The content in the frequency domain is defined as: 



A.26 26 = 0,0,0, +1-j,0.0,0. + 1+j,0,0,0,-1 +j,0,0,0,-1-j,0,0,0,+1-j.0,0,0,-1-j.0 
0.0.+1-j.0,0.0.-1-j.0.0,0,+1-j.0,0,0,-1-j.0.0,0,-1+j,0,0,0.+1+j,0.0,0,0} 



[0010] The sign reversal of every second A16 symbol in the time domain is automatically achieved by the specified 
50 subcarrier loading. The last repetition of the A-FIELD in time domain, called IA16, is a copy of the preceding RA16. 

[0011] An optimized matching between A and B-FIELD of the BCCH preamble is achieved as shown in figure 3 and 

thus the timing accuracy improvement, which is basically achieved through the specified lime domain structure, is kept. 

Two clear single AC amplitude peaks can be identified in the BCCH preamble. Additionally a low plateau in front of the 

second AC peak can be seen, which is advantageous for receiver synchronization processing (e.g. used as threshold 
55 to invoke correlation peak search algorithm). 

[0012] In the last time a new B-FIELD was proposed. In the following this new B-FIELD will be explained. 

[0013] The symbols B16 according to this new B-field are short OFDM symbols, of which the subcarriers +-4, +-8, 

+-12. +-16. +-20. +-24 are modulated. 
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Blb.^p. oe=sqrt(2)-{0.0,1-H.0,0,0 -1 -j,0.0.0.1 ^^0.0.0.-1 -j.O.O.O, 
- 1 -j.O 0.0. 1 i j.O.O 0.0.0,0.0-1 -j.0.0,0r1 -1.0,0.0, 1 +),0,0,0, 

5 

1 +j,o,o,o, 1 +i.o,o.o, 1 +j,o,0) 

[0014] This new B-(ield results in innprox'ed performance when using cross-correlation based receivers due to lower 

cross-correlation sidelobes at the border from the B-FIELD to the C-FIELD. 
10 [0015] The short OFDM symbols consisting of 12 modulated subcarriers are phase modulated by the elements of 
the symbol alphabet S = J2 (±^±j). The C-FIELD symbols are not considered here. 
[0016] The generalized mapping for held B is: 

S.2so6=sqrtt2)*{0-0.Sl.0.0.0.S2.0.0.0.S3.0 0.0.S4.0.0.0.S5.0.0.aS6,0,0.0.0. 
0 0 0 S7 0 0 0 SS 0 0 0 S9 0 0.0 SIO 0 0 0 S11 0 0 0 SI 2 0 0} 

wlieie 'sqft(2)' is used to noffnali/cj [\\o power. Applying a 34-poir)t IFFT to llie vector S. where tf le f ernainifig 1 5 values 
20 ciie set to /eio 'four' shoit tjairnng byifibols can be generated. Tlie IFFT output is cyclically extended to result in the 
dedicated number of short symbols 
[0017] The generalii^ed mapping for field A is: 

S.2e 26^scrt(2)*{0.0.0-0.Sl .0 O.O.S2.0.0,O.S3.0.0.0.S4.0.0.0.S5.0.0.0 S6.0.0.0. 
S7. 0.0.0. S8.0.0.0.S9.aO.O.SlO.O.O.O.Sl1.0.0.0,Sl2.0.0.0.0( 

[0018] Where 'sqrt(2)' ts used to normalize the power. Applying a 64-point IFFT to the vccioi S. where the remaining 
30 1 5 values are set to zero 'four' short training symbols can be generated. The IFFT output is cyclically extended to result 
in the dedicated number of short symbols. 
[0019] The currently specified sequence for field A is: 

35 SI.. .1 2^+1 -j). (-fl4-|). (-1-i), (-f1-j). (-M-j). (-1-j), (+1-J), (-1-J), (-1+J), (^1+j) 

[0020] Using the new B-FIELD no optimization has been made in the A-FIELD in order to improve auto-correlation 

based receiver synchronization. 

[0021] Figure 4 shows the ideal AC result (amplitude and phase) using a BOOH preamble structure with unmodified 
40 A-FIELD, C-FIELD and the new (modified) B-FIELD based on the B16 sequence proposed. The AC result is used to 
identify a frame start, adjust the AGC and to do timing and frequency synchronization. Especially the B-FIELD can be 
used for the later synchronization tasks. It is very important to achieve time synchronization as accurate as possible. 
With the configuration descnbed two auto-correlation peaks (A-FIELD, modified B-FIELD) are visible, however, the 
slopes on both sides of the B-FIELD peak are very different (steep gradient on the right, shallow gradient on the left), 
•fs this effect decreases the synchronization accuracy significantly. Additionally a high plateau can be seen before the 
aulo-correlalion peak in field B (samples 105. .125). This effect decreases the detection performance. 
[0022] The above set forth latest proposed B-FIELD and A-FIELD combination has a disadvantage that when using 
the new B-FIELD no optimization has to be made in the A-FIELD in order to prove the auto-correlation properties of 
the corresponding receiver synchronization. The sequence to be used in the A-FIELD should additionally have a min- 
50 imum Peak-to-Average-Power-Ratio (PAPR) and a small dynamic range (DR). 

[0023] In view of the above disadvantages of the prior art, it is the object of the present invention to propose A-FIELD 
sequences which are optimized regarding the time domain signal properties. 

[0024] It is a further object of the present invention to propose A-FIELD sequences which are optimized regarding 
the resulting auto-correlation based receiver synchronization characteristics when using the latest proposes B-FIELD 
55 sequence. 

[0025] According to a first aspect of the present invention therefore a preamble structure for the synchronization of 
a receiver of a OFDM transmission system is proposed. The preamble comprises at least one first part. The at least 
one first part is designed f.e. for a coarse frame detection and/or a AGC control. The at least one first part contains 
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inverse lasi (ounor irHnsfonncd froquoncy domain sequences ol complex symbols. The time domain signal of synchro- 
n\/ri\\on prenmble is genorrited by mapping (reqiiency domnin sequences of 12 complex symbols to a 64-poinl IFFT 
according to the following scheme 

S.26 26-5^^1 l(2)*(0,0.0.0.Sl,0 0,0,32.0,0.0. S3.0.0.0,S4,0,0,0,S5.0,0,O.S6.0.0,0, 
57.0,0.0.53. 0.0.0.39,0.0,0,5 10.0.0 O.S 1 1 ,0,0,0.3 i 2,0,0,0,0), 

10 wherein the remaining valued are set to ^ero. 

The frequency domain sequence S;^ of the at least one first part (with the appropriate A-FIELD mapping as set forth 
above) is one of 

81 . Sl2--i-A. lA. 4-A 4-A.+A.-A -A. ■♦-A. fA.-A.+A.-A 



51. S12^+A,+A.+A +A--A.-A t-A. t-A,-A,+A.-A,+A 

20 

81. .S12=+A.+B.-A.-B.-A.-B -A.-B.-A. i-B.4-A,-B 



81 ..S12^fA.+B.-A -B.+A.-B +A.-B,+A,-B,-A.+B 

25 

81 . S12=-I-A,-B.-A. ♦-B.-A. fB.-A.+8,-A,-B,+A.+B, 

or 

30 

S1...S12=+A.-B.-A,+B,+A,4-B.+A,+B,+A,+B,-A,-B 

or an order reversed modification thereof. 
35 The above sequences are also advantageous in case a preannble structure having only one part is used as the time 
domain signal properties are already improved by said sequences alone. 

[0026] A second part (B-field) can be provided, wherein the frequency domain sequence of the at least one second 
part corresponds to the above captioned latest proposed B-field sequence, i.e.: 

40 

SB=(i+i). (1+j). 

[0027] Particularly the A-field sequences 

45 

31. ..81 2= +A.-B,-A.+B.-A.+B.-A,+B,-A.-B.+A.+B. 

or 

50 

31. ..81 2= +A,-B,-A,+B,+A.+B,+A,+B,+A,+B,-A.-B 

or an order reversed modification thereof, in combination with said B-filed sequence result in improved autocorrelation 
characteristics. 

55 [0028] The at least one second part can follow the at least one first part in the time domain. 

[0029] According to a further aspect of the present invention an OFDIVI transmitter designed for transmitting a syn- 
chronization preamble as set forth in the BCCH channel of an OFDM system is provided. 

[0030] According to a still further aspect of the present invention a method for the synchronization of a receiver of a 
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OFDM Itrinsmission system is provided 

[0031] Fiiilhrii Hdv^nirifjos loHlures nnr) ob|octs of ihfi present invention will become evident for the man skilled in 
the arl by means ol the following descriplion of embodimenis of the present invention taken into conjunction with the 
ligures ol the enclosed drawings 

5 

Figure 1 shows the general structure of a known synchronization preamble, 

Figure 2 shows the general concept of an auto-correlation technique. 

JO' Figuie 3 shows a correlation resuli achieved with sequences according to the prior art 

Figure 4 shows an auto-correlation result achieved when using the latest proposed B-FIELD sequence in combi- 
nation with the A-FIELD sequence according to the prior art. 

}5 Figure 5 shows the aulo-correlaiion performance when using a first modified BCCH preamble according to the 

present invention. 

Figures shows iheaulo-correlation performance of a modified BCCH preamble according to another embodiment 
of the present invention 

20 

Figuit; 7 shows d lime doniriin signnl (powei) of the known pteaiiible. 

Figure 8 shows ihe time domain signal achieved by menns ol n modified A-FIELD according to the present inven- 
tion and 

25 

Figure 9 shows the time domain signal (power) achieved by monns of a modified A-FIELD according to another 
embodiment of the present invention. 

[0032] Tho following sequence generation rules for the A-FIFLD are suggested which all achieve optimum PAPR 
^0 and DR Later on a subset is used which is selected with respect to optimi7ed auto-correlation performance in con- 
junction with the B-FIELD: 

[0033] The use of the following A-FIELD sequences already improves the time domain signal properties (PAPR. DR, 

etc.): 

35 

Sf ...S12= +A.+A.+A,+A,+A,-A,-A,+A,+A,-A,+A,-A 
S 1 . . . 3 1 2- + A,-!- A. -I- A, + A, - A, - A, + A, + A, -A, +A, - A. + A 

40 

S1...S12= +A,+B,-A,-B,-A.-B,-A,-B.-A,-i-B,+A,-B 



Si.. S12= +A,+B,-A.-B.+A.-B.+A,-B,+A,-B.-A.-i-B 



SI.. .512= +A.-B.-A.+B,-A.+B,-A,+B.-A.-B,+A,+B 

50 

Si. ..31 2= +A,-B,-A,+B.+A.+B.-i-A,+B,+A,+B,-A,-B 
with A = exp(j*2*7r*(tp^) and B = A*exp(j ^ )=exp(j2jrNp^+j | ) and 0.0<q)^<1 .0. 

55 

[0034] More sequences can be generated by reversing the sequence order, this means replace SI by Si 2. replace 

82 by S 1 1 replace SI 2 by Si . Note that the first two sequence kernels are binary, the rest are quaternary sequence 

kernels. 
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[0035] These sequences huo Hcivrinlngeous also in case a preanrible with only one part is used. 
[0036] The followinrj sequences which are a subset of the above A-FIELD sequences ate advantageous in combi- 
nation with the laiesl proposed B-Filed sequence regarding the resulting autocorrelation properties: 
The (ollowing first sequence is especially suitable lo be used in field A (with the already explained mapping): 

5 

Si...SI2=(-t-H), (M t-j). ( f-l-j). (-H)- (-1 H)^ (-^1). (-i+j), (-i-i), (M-i). 

[0037] The following second sequence thai is especially suitable to be used in field A is (with the already explained 
fO mapping): 

S1...S12= (i1-i), (-1 II). (il-j). 1-1 .j), (-1 .j). (i1-i). (>1-j). (-1 ij), (-1 (-1 .j). (-1 (-1 

IS [0038] This second sequence is especially attractive as it uses only a binary alphabet (±l)*i>1-j). 
AC performance of the modified BCCH preamble (first new proposal for the A-field) 

[0039] The negative effect shown in iigure 4 can be avoided if the new proposed sequence is used in the A-FIELD. 
20 An opUmueO matching between A and B-FIELD of the BCCH pisdrnble is achieved and thus the timing accuracy 
improvement, which is basically achieved through the specified time domain structure, is kept. Two clear single AG 
amplitude peaks can be identified in the BCCH preamble if the new proposed sequence is used for the generation of 

the A-FIELD (see figure 5). 

[0040] Furthermore, the slopes on bpth sides of the B-FIELD peak are very similar (similar gradient on the right and 
2^ Icit side of the B-FIELD auto correlation peak), this cffcci increases the synchronization accuracy significantly. Addi- 
tionally a lower plateau can be seen before the AC amplitude peak in field B (samples 110...1 30). This effect increases 
the delGclion performance, as the plateau-value can be used as a threshold to activate a correlalion-peak position 
detector. 

[0041] One advantage of this sequence is that both auto-correlation peaks have a very similar shape. 

30 

AC performance of the modified BCCH preamble (second new proposal for the A-fleld) 

[0042] An optimized matching between A and B-FIELD of the BCCH preamble is achieved and thus the timing ac- 
curacy improvement, which is basically achieved through the specified time domain structure, is kept. Two clear single 
35 AC amplitude peaks can be identified in the BCCH preamble if the new proposed sequence is used for the generation 
of the A-FIELD (see figure 6). 

[0043] Furthermore, the slopes on both sides of the B-FIELD peak are very similar (similar gradient on the right and 
left side of the B-FIELD auto-correlation peak), this effect increases the synchronization accuracy significantly. Addi- 
tionally a iower plateau can be seen before the AC-amplitude peak in field B (samples 110... 130). This effect increases 
40 the detection performance, as the plateau-value can be used as a threshold to activate a correlation -peak position 
detector. 

[0044] In this case the plateau is even lower as in the first modification and the second auto-correlation peak Is very 
sharp. 

45 Time domain signal properties 

[0045] For OFDfVI (or in general multicarrier signals) the signal envelope fluctuation (named Peak-to-Average-Power- 
Ratio = PAPR) is of great concern. A large PARR result in poor transmission (due to nonlinear distortion effects of the 
power amplifier) and other signal limiting components in the transmission system (e.g. limited dynamic range of the 
50 AD converter). For synchronization sequences it is even more desirable to have signals with a low PAPR and low 
dynamic range in order to accelerate the receiver AGC (automatic gain control) locking and adjusting the reference 
signal value for the A/D converter (the whole dynamic range of the incoming signal should be covered by the A/D 
converter resolution without any overflow/underflow). 

55 Currently proposed preamble 

[0046] Figure 7 shows the time domain power envelope of the resulting time domain signal for the preamble. The 
three different fields are clearly visible. Field A and field B have been optimized with respect to the PAPR and DR. 
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S-times oversampling was considGrcd in order lo ensure Ihe peaks were caplured correctly. 

Preamble with new proposed A-FIELD and modified B-FIELD 

5 [0047] The synchroni;^alion sequence design and preamble structure proposed improve the liming detection due to 
the joint design/optimization o\ the A-FIELD and the B-FIELD. However, PAPR and DR properties should not be de- 
graded. 

[0048] In figure 8 and 9 the two different A-FIELD oplions and the modified B-FIELD is used and the C-FI.ELD is 
maintained. As can be seen there is no degradation with respect to PAPR and DR. 

to [0049] Figure S shows the time domain signal (power) of the preamble with modified A-FIELD (first A proposal) 
[0050] Figure 9 shows the time domain signal (power) of the preamble with modified A-field (second A proposal). 
[0051] The proposal is based on the synchronization and training preambles that are already specified. Optimized 
sequence are proposed, which are very suitable to generate a preamble or a part (also called field) of it by mapping 
the sequence lo the appropriate subcarriers of an OFDM symbol with a IFFT size of 64. The properties of the proposed 

IS sequence with respect to PAPR and dynamic range are equal to the properties of all currently specified sequences. 
[0052] The new proposed sequences can be especially used ior the generation of the A-field of the BCCH preamble, 
because this new sequence is properly matched to the specilied sequence in the B-field ol the BGCH preamble. The 
benefit of our proposal is the improved uming accuracy when the AC result in the B-field of the BCCH preamble is used 
for synchronization. The time domain structures of the preambles as specified are not touched by this proposal. 

20 

Surrirnaiy of the advantages. 
[0053] 

-s • An OFDM b.iGOd SYNCH symbol is proposed with a reduced Poak-to-Avcragc-Powcr-Ratio (PAPR) 

Improved synchronization performance (timing accuracy compared to current specified preamble) is achieved 
No rnodilication of the spocilied time domain preamble structures is necessary 
• No extra complexity is needed 

30 [0054] This proposal therefore describes an opiimized synchronization (SYNCH) symbol sequence to be used in 
transmission systems, which are currently under standardization. The synchronization symbol is constructed using 
specially designed OFDM (orihogonai frequency division multiplexing) symbols with an optimized sequence, which is 
mapped onto the modulated subcarriers. The resulting synchronization symbol consists of several repetitions in the 
time domain. Using the proposed sequence the resulting synchronization symbol achieves a high timing detection and 

55 frequency offset estimation accuracy. 

[0055] Furthermore the burst is optimized to achieve a very low envelope fluctuation (low Peak-to-Average Power 
Ratio) and a very low dynamic range to reduce complexity on the receiver and to save lime and frequency acquisition 
time in the receiver. The proposed sequence is specifically optimized with respect to all other synchronization symbols 
that are used to construct the synchronization and training preambles for the BCCH-DLGHs. 

40 

Claims 

1. Preamble structure for the synchronization of a receiver of a OFDM transmission system, wherein 

45 

the structure comprises at least one first part (A-FIELD). 

the time domain signal of the at least one first part (A-FIELD) being generated by IFFT transforming frequency 
domain sequences of 12 complex symbols mapped to a 64 point IFFT according lo the following scheme: 

S.26O6=sqrt(2)'{0,0,0.0,Sr0,0,0,S2.0,0.0.S3.a0.0.S4,a0,0,S5,0,0,0,S6,0,0,0, 
87,0. 0,0,88.0, 0,0, 89,0, 0.0,S10,0,0,0.S1 1,0.0,0,312,0.0.0,0}, 

55 wherein the remaining valued are set to zero, 

and the frequency domain sequence S^ of the at least one first part (A-FIELD) is one of 
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Si Si 2- fA. lA.+A. J A. lA.-A -A.+A.i-A.-A. i-A.-A 

^ SI... SI 2= »-A. »A. rA. i-A.-A.-A.+A.+A.-A 4-A.-A,+A 

81 ..S12- +A.+B,-A -B--A--B,-A.-B.-A,+B.+A,-B 
Si...Sl2= -hA. t-B.-A,-B.+A.-B.+A,-B. »-A -B.-A.+B 
81 .812= +A.-B.-A,+B,-A.^B.-A.f-B.-A,-B.4-A..+B 

/5 

SI SI 2^ t-A.-B.-A.+B.-fA.-^B.4-A.i-B.+A.+B.-A.-B 
oi an ofdei (eveised inodilicalion llieieof. 

20 

2. Prerimble slruclure. 
ch?iracleri/ced in lhat 

it compriscG at least one second pad (B-FIELD) and 
25 the frequency domain sequence of the at least one second part (B-FIELD) is 

So - (1 » (-1-1) (1 H)- (-l-i)^ (1 *-') (-1-0, (-1-1): (1+'). 



^0 3. Preamble structure according to claim 2 
characterized in thai 

the at least one second part follows the at least one first part in the time domain 

4. OFDM transmitter. 

55 designed for transmitting a synchronization preamble according to anyone of the preceding claims in the BCCH 

channel of an OFDM system. 

5. Method for the synchronization of a receiver of a OFDM transmission system, wherein 

40 - the structure comprises at least one first part (A-FIELD) in the time domain, 

the time domain signal of the at least one first part (A-FIELD) and the at least one second part (B-FIELD) being 
generated by IFFT transforming frequency domain sequences of 12 complex symbols mapped to a 64 point 
IFFT according to the following scheme: 

■'^ S.26 2G=sqrt(2)*{0.0.0.0. 81,0.0.0,32.0.0.0.83.0.0.0.84.0.0.0.85.0,0.0.86,0.0,0. 

87.0. 0,0, S8,0. 0.0,89.0.0.0.810,0.0.0.81 1.0.0,0,S1 2.0,0,0,0}. 

50 wlieiein the remaining valued aie set to zeio. and 

the frequency domain sequence 8^ of the at least one first part (A-FIELD) is one of 



55 



81. ..81 2= +A.+A,+A,+A,+A,-A.-A,+A.+A,-A,+A,-A 
8 1 . . . 8 1 2= +A, +A, + A, + A, - A.- A, + A. + A, - A. +A, - A, +A 
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